Introduction
For many wide-spread chronic human diseases such as heart disease and cancer, the disease risk is largely affected by dietary fats (Simopoulos 2002) . It is well established that consumption of foods containing n-3 polyunsaturated fatty acids (PUFAs) will reduce plasma triglycerides, resting heart rate, blood pressure and will lower the incidence of cardiovascular disease in humans (Mozaffarian & Wu 2011) . N-3 fatty acids cannot be synthesized in the human body, therefore their inclusion in diets is essential (Ghomi et al. 2012b ). It is well-known that seafood is a major food source containing of n-3 fatty acids such as eicosapentaenoic acid (EPA, and docosahexaenoic acid (DHA, 22:6n-3) (Jacobsen et al. 2008) . Furthermore, marine fatty fish, due to its high content of n-3 fatty acids in muscle, is a good dietary source for n-3 fatty acids when compared to freshwater fish species (Hyunh & Kitts 2009) .
Due to its importance as dietary PUFA source for humans, the fatty acid composition of several fish species such as European hake, walleye pollock, surf melt, pink salmon, canary rock fish, capelin, sardine and herring (Huynh & Kitts, 2009) , black goby and grass goby (Prato & Biandolino 2012) , seabass, seabream, whiting, zander, tench, wels catfish (Özogul et al. 2007 ) was studied. Moreover the amino acid composition of marine (Zuriani et al. 2006; Kim & Lall 2000) or farmed fish species (Adeyeye 2009 ) has been investigated.
Round goby, Neogobius melanostomus (Pallas, 1814), is a second-order consumer, feeding mainly on annelids, crustaceans, chironomids, molluscs and small fish (Rolbiecki 2006) . Native to the Black and Caspian Seas, the round goby occupies a variety of habitat types including coarse gravel as well as shell and sandy inshore areas (Charlebois et al. 1997) , and it is an increasingly abundant invasive species in Central Europe (Borcherding et al. 2011) . The native distribution of monkey goby Neogobius fluviatilis (Pallas, 1814) includes the Azov and Black Sea basin in the PontoCaspian region (Kessel et al. 2009 ), and it is present in some parts of Europe. In river Rhine both gobiid species are fairly abundant (Spikmans & van Kessel 2010; van Kessel et al. 2009 ) and in the meantime their abundances regularly exceed 80% of the fish community (Borcherding et al. 2013) , however, it is yet not clear in how far they share the same feeding resources. As fatty acids might serve as trophic marker in fish, we caught both species at the same riverbank of the Rhine River and aimed at comparing the two species with respect to differences in the content of fatty acids and amino acids.
Although the fatty acid and amino acid composition has been determined for many fish species of seawater or freshwater origin, information on the correlation between fish size and fatty acid and amino acid composition is very limited. Correlating the tissue content of individual fatty acids and amino acids to fish size may shed light on the question whether bigger fish are better or not with respect to human nutrition. The aim of this study was to compare round goby (N. melanostomus) and monkey goby (N. fluviatilis) from the Rhine River (Germany) with respect to the content of fatty acids and amino acids in muscle tissue and to test for correlations of fatty acid and essential amino acid content with body size. From the perspective of human nutrition, the absolute PUFA content of tissue rather than the relative fatty acid composition in percent is the parameter of interest, as only on the basis of absolute tissue content recommendations for the daily consumption of fish can be calculated. Therefore, absolute concentrations of individual fatty acids were determined and compared the results with other commercially wellknown species.
Material and methods

Fish
Fish sampling was carried out using a beach seine (0.5 × 0.5 cm mesh size) in Rees-Grietherbusch, located in the lower Rhine River near the border to the Netherlands. Thirty five round goby (N. melanostomus) with a weight range of 0.14-30.13 g (fresh weight) and total lengths ranging from 22-123 mm, and 21 monkey goby (N. fluviatilis) with a weight range of 3.19-14.53 g (fresh weight) and a total length of 68-112 mm were caught. Caught individuals were immediately stored on ice, and upon arrival the fish were washed with tap water to remove adhering blood and slime. Then fish were frozen at -80
• C and freeze-dried prior to further analyses.
Fatty acid determination
For fatty acid analysis, lipids were extracted as follows: 5 mg of freeze-dried fish muscle tissue was extracted twice with 5 ml Dichloromethane:Methanol (CH2Cl2:MeOH) (2:1, v:v) with prior addition of 20 µg of heptadecanoic acid (C17:0) as internal standard. Subsequently the solvent was evaporated to dryness under a gentle stream of nitrogen at 40
For transesterification of fatty acids, 5 ml of 3 N methanolic HCl were added to the sample and incubated for 20 min at 70
• C to yield fatty acid methyl esters (FAMEs). The FAMEs were extracted with 3 × 2 ml iso-hexane. The hexane phase was subsequently evaporated to dryness at 40
• C under a gentle stream of nitrogen. Finally, the samples were dissolved in 50 µl isohexane, of which 1 µl was subjected to gas chromatographic analysis on an 6890N GC System (Agilent Technologies, Waldbronn, Germany) equipped with a DB-225 capillary column (30 m, 0.25 mm i.d., 0.25 µm film thickness, J&W Scientific, Folsom, CA, USA). The GC conditions were as follows: injector and FID temperatures 200
• C; initial oven temperature 60
• C for 1 min, followed • C/min to 220
• C followed by a final 14 min at 220
• C; helium with a flow rate of 1.5 ml/min was used as carrier gas. FAMEs were identified by comparison of retention times with those of reference compounds and quantified using the internal standard and previously established calibration functions for each individual FAME. Fatty acid contents were expressed in ng FA/ mg dry weight of fish tissue.
Amino acid determination
Two hundred µl perchloric acid (20%) and 5 µl of 100 mM taurine as internal standard (IS) were added to 1 mg of freeze-dried fish muscle tissue prior to hydrolysis at 110
• C for 24 h. Samples were neutralized with 200 µl of an alkaline solution (5 M KOH, 1 M triethanolamine) and centrifuged at 11,000 × g for 10 min to remove precipitated perchlorate (Fink et al. 2011 ). Subsequently, 20 µl of the supernatant were transferred into a HPLC vial and diluted with 180 µl ultrapure water. After on-column derivatization with ophthaldialdehyde (OPA) and separation via reversed-phase HPLC (Nucleodur 100-5 C18ec column, length 125 mm, internal diameter: 4 mm), amino acids were identified by comparison of their retention times with those of pure standards as described by Prabhakar et al. (2010) . Data were expressed as µmol mg −1 dried fish tissue.
Statistical analysis
Data are expressed as mean ± SD. We tested for significant differences using the independent sample t-test (α = 0.05). Data were tested for normal distribution (KolmogorovSmirnov test). Data that did not meet the assumption of normal distribution were analyzed by U-Mann Whitney test. Pearson's correlation coefficient with a significance level of α = 0.05 was used to test for linear correlations.
Results and discussion
The major groups of fatty acid content of round goby and monkey goby are expressed as ng FA/mg dry weight as shown in Figure 1 . The tissue content of PUFAs and MUFAs did not differ between the two goby species, and only the content of SFAs was slightly higher in round goby (Fig. 1) . Monkey goby had a lower ratio of n-3/n-6 PUFAs (Fig. 2) . Within the class of n-3 PUFAs, monkey goby had a significantly lower ratio of DHA/EPA than round goby (Fig. 2) . In general, both species differed only marginally with respect to the tissue content of individual fatty acids and of classes of fatty acids. The percentage of EPA in both goby species in this study exceeded that of DHA (Fig. 1) . The DHA/EPA in round goby and monkey goby were 0.57 and 0.36, Explanations: P-values are shown in parentheses. Asterisks indicate significant correlations (* P < 0.05; ** P < 0.01). respectively (P < 0.05, Fig. 2 ). For black goby (Gobius niger L., 1758) and grass goby (Zoosterisessorophio cephalus), Prato & Biandolino (2012) Explanations: P-values are shown in parentheses. Asterisks indicate significant correlations (* P < 0.05; ** P < 0.01). Fig. 4 . The content of essential amino acids (µmol/mg dried fish) of round goby (N. melanostomus) (n = 35) and monkey goby (N. fluviatilis) (n = 21). Data are shown as mean ± SD. For each amino acid the content in the two species was compared by pairwise t-tests, asterisks indicate significant differences.
(Walbaum, 1792) (1.51, 6.45). Also fatty acid profiles of wild perch Perca fluviatilis L., 1758 (Jankowska et al. 2010) , three carp species (Memon et al. 2011) , sardine (Huynh & Kitts 2009) , and sea bass (Özogul et al. 2007) showed higher DHA than EPA content. In general, in both goby species almost all of the fatty acids did not correlate with body weight and body total length (Table 1) , which suggests that the body size in both goby species is not sensitive to fatty acids. None of the fatty acid groups (SFA, MUFA, PUFA) showed a significant relationship with weight (Fig. 3) . Out of all fatty acids only DHA in monkey goby was positively correlated to the condition factor (CF), however, the CF was strongly increased with the total content of n-3 PUFAs in round goby (Table 1) . It remains unclear why no similar relationship was observed in monkey goby, however, the n-3 PUFA DHA was positively correlated with CF. In both goby species CF seems to depend on n-3 PUFAs, but interestingly not on n-6 PUFAs. This suggests that in terms of essential fatty acids the value of both goby species does not increase with body size but with condition factor. Among the three commercially species studied by Ghomi et al. (2012a) , n-3 polyunsaturated fatty acids significantly increased (P = 0.032) with the increase of fish weight in silver carp, while n-6 fatty acids decreased (P = 0.013). Thus they concluded that silver carp of bigger size is more nutritious for humans. Ghomi et al. (2013) reported a significant negative relationship between body weight and n-6 PUFAs in cultured great sturgeon Huso huso (L., 1758) while a positive relationship with SFAs was established.
Threonine and leucine were the most abundant essential amino acids in both species. However in monkey goby the content of threonine, arginine, valine, phenylalanine and isoleucine was higher than in round goby (P < 0.05) (Fig. 4) , which suggests that the nutritional value for humans might be higher. It remains unclear, in how far these differences in the tissue content of essential amino acids reflect differences in prey between the two goby species or are caused by higher assimilation efficiency for these essential amino acids in monkey goby. The tissue content of most of the amino acids was not correlated with body weight, body total length, or condition factor (CF) in either goby species (Table 2) . However, in round goby the essential amino acids arginine, valine and leucine were significantly (P < 0.05) correlated with body total length, which indicates that longer round gobies are of higher nutritional value. However, no such correlations were observed for monkey goby (Table 2) . Gam et al. (2005) pointed out that there was no general pattern of correlation between the fish length and amino acid content for Snakehead fish Channa striata (Bloch, 1793) suggesting that fish with length between 16 cm to 38 cm are of relatively similar value with regard to their dietary protein. Similarly Kaushik (1998) reported results no significant difference between different size groups of the three species European seabass Dicentrarchus labrax (L., 1758), the gilthead seabream Sparus aurata L., 1758 and the turbot Psetta maxima (L., 1758) with regard to amino acid content.
In conclusion, weight of both species did not show a significant correlation with the major classes of fatty acids including SFAs, MUFAs and PUFAs. In this study the percentage of EPA in both goby species exceeded that of DHA. Also both species had PUFA-contents of approx. 9 µg mg −1 dwt, and the tissue content of PUFAs and MUFAs did not differ between the two goby species, but within the class of n-3 PUFAs, and monkey goby had a significantly lower ratio of DHA/EPA than round goby. Some essential amino acids were related with body size in round goby. The content of 5 out of 7 determined essential amino acids was higher in monkey goby. Currently it remains unclear if these differences are caused by different prey items consumed by the two goby species or reflect differences in assimilation efficiencies. Therefore, the round goby exhibited the better ratios of DHA/EPA and n-3/n-6 fatty acids, and the monkey goby presented the higher content of essential amino acids.
